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PA(e J

This test program *ras CO'IdUCied to measure the liydro-
dyriamic CharSCueristics of a 3eries ot transcavitatir,, and
supeircavitat'ln6 hydrotoil moCdei~s with various planforms and
sections to provide a aesi; procedure to predic C hydro-
dynautic characteris~ici I~r L1118 rype hydrofoil. 2we;y
hi)Jrofoil ukudels were tCeLOJ in t';, Grumman Whirlin;, lank
at three depths and at a sufficient nuxa~er uf spe,!ds and
an~ijes of attack to fully define~ their hydrodynaluic -.nar-
acte istics. Lift, draL,, pitching moment, and strrvi 'sse
pres,;lre were awsu- ill uiodVIS, and LJVity press'are
and Loll pressure vere m-!aaurta 'I. L .w- prcvL~

models,

Classic supercav~tztin- liydrofoil tiieur:', 16
te predict test results with an accuracy adequAte for
desL-g i f Euodif-e: value fur the cross-floa iiIIt Cuo!LiCI-111t
is accepted.



The work under this contract consisted of testing
twenty supercavitating and transcavitating hydrofoil ;Joavis
in the Gruman Whirlin, Tank at three depths and at a
sufficient number of speeds and angles of attack to fully
define their hydrodynamic characteristics. The models include
aspect ratios of 1.0 to 5.0, sweep angles of 0 to 56.30,
taper ratios of 0 to 1.0, design lift coefficients of C' to
.350, and were tested at cavitation numbers of .U29 to .145.
All models were munnted on a single 15% thick, blunt base
parabolic strut except the dspect ratio - 5 model whicn was
mounted on a twin strut combination

Lift, drag, pitching moment, and strut base pressure
were measured for all models, and cavity pressuri and toil
base pressure were measured for the supercavitating models.
The foil cavity pressure was measured by means of a static
pressure tap centrally located on the upper suriace of one
semi-span.

Analysis of the test results was limited to the super-
cavitating lift and drag data; the transition from fully
wetted to supercavitating did not cover significant angle
of attack range on any foil tested. Transition from wetted
to cavitated flow on these foils was characteristically
accompanied by a very high frequency vibration audible as
a loud screech. A study of this "singing" phenomenon did
not conclusively identify the source but gave some indication
that it was associated with a stall flutter type of instab-
ility.

The work of this contract has been submitted in three
volumes. Volume I presents the measured results in tabular
form, the correlation of results, the structural analysis,
and an analysis of the "singing" phenomenon encountered
during the tests. This volume presents the measured
results in graphical form. Volume Ill summarizes the test
results as a procedure for the prediction of the lift and
drag for a supercavitating hydrofoil of arbitrary section
and planform with a numerical example. Volume Ill is written
as a complete summary report suited to wide distribution.

I llll .e i i



CUNCL S ION2

Ci3ssic supercavitatint nydruocil theory provtde,
adequate correlatton for thes. A~ut m odifico
value for the. cross-flw liclt *t1-1 is Aiccepc,-:j. .;It
the modified cross-flow Ii It co.i: tent, tite corr'~.Lat~ur
,)f tne i tty-nine ue.ure6i ii it an~d dra,, cirves u-tt, .ass
supe)crcwdvI . 4L .y~r ;,.*,cx y ra..y of,.uiwAi.. st t-,
t c a I ly as a f)dict on UeI t .i biL y (- error -,tid!.caL 2 ,

Lift Cooffic.ent

lira& Coetficlont U1 ,

A 'I
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The measured data is presented in graphical
form in this section as plots of lift coeffixient,
drag coefficient, and pitching moment coefficient.
The speeds specified are nominal. The actual
speeds varied by about 5%, however, all data reduction
was based upon the actual measured dynamic pressure.

The specified submergences are in mean
geometric chords. The drag coefficients include
strut drag. Moment coefficients are referenced to
the quarter-chord of the mean geometric chord. The
measured ventilated coefficients have not been
corrected for cavity pressure and generally corres-
pond to atmospheric cavity pressure.



Fij~ure s

Fig. No. Fi6. u
Foil Speed & Futi Speed x
No. Knots PaeN. No. Knots Pae o

140 IV.1 7 40 Iv.35
45 IV.2 45 IV'.30
50 IV.3 50. iV.37
60 IV.4 60 Avj

70 IV.5 70 V3
60 IV.6

40 IV.40
2 40 IV.7 45 IV..41i

45 IV.8 O IV.42
50 iv.9 60 V.43
60 IV.10 Ni IV.44
70 IV.iI. 80 IV.45

3 40 IV.12 V40 1.4
45IV.13 45 IV.47

50 IV.14 50 IV.431
60 LV.15 60 .41
70 1V.16 70 IV.50
80 IV.17 60 IV.5i

4 40 IV.18 10 40 IV.52
45 IV.19 45 IV.53
50 IV.20
60 IV.21 11 40 IV.54
7u IV.22 45 IV.55

[s V.23 50 IV.56
60 [V.57

5 40 [V,24 70 [V.58
-I5 IV.25 80 [V.5V)
50 [V.26
60 IV.2/ 12 40 [V.60
70 [V.28 45 [V.61
60 IV.29 50 [V.62

60 IV,63
6 40 IV.30 /0 1V.64

45 [V.31 bO IV.65
50 [V.32
60 [V.33
70 [V.34

A, f'

I * AN 4 A 1N 0.t 4P~
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Fig. Nu. Fig. No.
Foil Speed & Foll Speed &

Nw. nots Pane No. Na. Knots Pa,4e No.

13 40 IV.66 17 40 IV.90
45 IV.67 45 IV.91
50 IV.68 50 IV.92
60 IV.69 60 IV-93
70 IV.70 70 IV.94
80 IV.71 80 IV.95

90 IV.96
L4 40 IV.72 96 IV.97

45 IV.73
50 IV.74 18 40 IV.98
60 IV.75 50 IV.99
70 IV.76 60 IV.100
80 IV.77 70 Iv.101

80 IV.102
15 40 IV.76 90 IV.103

45 IV.79 95 IV.104
50 IV.80
60 IV.81 19 40 IV.105
70 IV.a2 50 IV.106
80 IV.83 60 IV.107

70 IV.108
16 40 IV.84 80 IV.109

45 IV.85 90 IV.110
50 IV.66 96 Iv.111
60 IV.87
70 IV.88 20 40 IV.112
80 IV.89 50 IV.113

60 IV.114
70 IV.115
80 IV.116
90 IV.117
95 IV.118

~mmpmi
l~ ~AN £ 0 1 5~. IA *
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LIS Q ~ .ontd.

Flapped Foil Tests

Fit. No.
Foil Speed &
No. a&. d Page No.
13 40 ,5 IV.119

I.00 IV,120
1.25 IV.121

45 .15 IV.122
1.00 IV.123
1.25 IV.124

50 .75 IV.125
1.00 IV.126
1.25 IV.127

60 .75 IV.128
1.00 IV.129
1.25 IV.130

70 .75 IV,131
1.00 IV.132
1.25 IV.133

80 .75 IV.134
1.00 IV.135
1.25 IV.136

14 40 1.00 IV.137
45 IV,138
50 IV.139
60 IV.140
70 IV.141
80 IV.142

15 40 1.00 IV.143
45 IV.144
50 IV.145
60 IV.146
70 IV.147
80 IV.148

II I ... .. . .. .t ~I I III IIIII
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